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'ABSTRACT 

A program of research was conducted to study 
transitions f r om ,.pr e ope r at i onal to concrete ope rat i onal * forms of 
spatial imagery (area 1), to compa^re results from spatial imagery 
studies based on open-ended measures (such as drawings) with results 
based on reaction time measures (area 2), ,and to study ant ic i patory 
imagery in the contexts of memory and problem-f ormulat i ve 
anticipation (area 3). Research in area 1 tested thr ee pr ed i c t i ons , 
generated from a revision of Piagetian theory, concerning children's 
performances on two anticipatory imagery tasks and a standard^ 
conservation task. Discussion in area 2 reports results of a 'study 
tjesting the- hypothesis that dr^awing errors on anticipatory kinetic 
imagery tasks reflect children's poor images of objects in 
anticipated states of movement. Also reviewed is a study comparing 
preschool and older children's abilities to mentally track an object 
through a rotation movement, as well as further investigations 
addressing questions of developmental differences under certain task 
conditions, age differences in mental tracking strategies, and the 
relationships of strategies to tracking rates. Research in area 3 
investigates whether children mentally transform object states on 
tasks in which particular processing strategies are unspecified and 
examines the effect of transforming strategies on short-term and 
long-term memory for figurative states. Related materials are 
appended, ( RH ) v 
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' Anneal . Dean ' . . ' ' , 

•Principal Investigator 

I. Objectives , 

- the objectives of the research conducted under the auspices- of this . 

grant were to study transitions -from pre-operational to concrete, operati'onal , 
> forms of spatial imagery, to compare results fr^)m spatial imagery studies 

• based on open-ended measures such as drawings with results based on reaction- 
time-measureSi and to study anticipatoryimagery in the contexts of memory 

and problem-fomvulative anticipation. Background information and data presenta- 
tions in this report are organized around these three objectives. 

II. Transitions. in the development of spatial- imagery . . , 

' --^ ■ . • 

In Piagetian research, tasks in which children judge a transfprmation 
-performed by an experimenter (e.g. conservation tasks) or manipulate objects ^ 
to obtain.a given result (e.g. seriation, classification, measurement tasks, 
etc.) are oesignated "opera'tions" tasks, and are presumed to measure the 
structure of children's knowledge in a given deffnain. For example, children t 
who judge that the length of a stick becomes longer after it is displaced 
from left to right are said to '^uSe one-way, or' irreversible logic, since 
their judgment suggests a lack of understanding. Of compensatory or inverse 
^ relations j)ptween the starting and end-state of the displacement. A second 
type of task used in Piagetian research h^s /been desi.gna ted an "imaging task 
(Piaget & Inhelder 1971) and requires children to mentally construct a stip- 
ulated sequence of actions on an object(s). For example, children might be 
asked to imagine, how a stick would appear during and after its displacement 
from l€ft to right. InPiiget and InhelderU (1971) view, imaging tasks dif- 

• fer from operations task? primarily th the degree to which mental anticipa- 
tion is required, but are similar to each other In the structure of knowledge 
required to achieve a correct solution.' In'the example of the displaced stick-, 
Piaget and Inhelder's hyi^dthesis is that an accurate image of the displacement 
depends on children's knowledge of compensatory relations between spaces va- 
cated and newly occupied by the moving stick. Support for this hypothesis has 
been provided in studies showing that non-conserving children typically repre- < 
sent a change in the stick's length in their images of the displacement,, while^ 
conservers maintain the stick's length while representing changes in its posi- 
tion (Dean 1976; 1979a; Piaget & Inhelder 1971; Youniss^& Dean 1974). 

A review of'findings from Piagetian imagery studies suggests the following 
developmental p/ogression. Children younger than roughly five or six years of 
age (with ages/varying' depending on the task and characteristics of the subject 
population arZ typicallV Unable to predict the form of movements,, transforma-, 
tion or their end-states. 'The label that has been given to childreln's Imagery , 
at this level is "static'' (Piaget & Inhelder 1971), although it Is not the case 
that no change is reflected. Ori the contrary, '^static'' images mo^t typically 
reveal "maintaining" errors (DeLisi, Locker & Youniss 1976; DeLisi & McGllll- 
cuddy-DeLisi, note #2), in which some features of Initial states that should be 
•changed in the transformation are maintained, while others features that should 
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■ ■ ' V ■; ■ ■ ■ ' ■' ' . ' - - ■ .• 

maintained changed.. A maintaining er^or'lQ t^^- P^jf 
of lenath example is fSiling to change the position of one, end of the stick 

P rhanai no the position of the other end, an^l in the process, changing , . 
?he It^Jk • s -length / Saintai ni ng errors arefound predomi nantly i n the j^magi nal ^ 
>roductiaris.of children using preoperatbry reasoning °"^°P^'^3^]S?aV "xhic ' • 
•(Dean 1976.h 979a; Pi aget and Inhelder 1971 ; Younissand Dean 1974 . This 
^fation brtwlen^^ pre-operational reasoning and maintaining e^ ■ 

in Imaaery has been, observed both when the structure of childcen s imagery 
ISs rea analyzed CDean 1976; Piaget ancl Inhelder 1971.) ^J^^^hen chi dren's , 
imaging Vbcesses or strategies* have been measured (Dean 1979b; McGillicuddy- 
DeLisi and DeLi si 1,977). * . 

• Dev^o'pmental improvements occur first in the spatial ^pncept domain^as ; 
children begin to apply reversible logic in judgi/ig transformations on opera- 
Honftasks Thes/changes are followed by a restriJcturing of children's , 
Lg ry Sainlafntn e??ors no'longer occur, and children construct se- 
quences of intervening and end-states defining movements and transformations 
(Dean 1976, ia79a; Piaget and Inhelder, 1071). . 

Piaget and Inhelder have admitted that thei^e are r°^lf f^^'Ji^.!^!.' P^^Iu ' 
bosed sequence. A major problem is thatMn some experiments Jn their research, 
^h^dren Ce correct y iLdined end.states of st^ 

w1tho^? appa?eM understanding or^ ability to imagine the form of the/ction . 
TeaueBce itseff. Similar types of imaging performances were observed in Deafn 
(?976? and Youn ss and Dean (1974). One example of "sta^-^o-^J^^^ , 
rhildren's DerformanceS on Piaget and Inhelder's wire arc transformation task. , 
W ^hildrKS^ original length of the arc's chord throughout their 

d?awinqs of a series Sf, progressively flattening intervening states, but drew 
th^ enath of the wire in its straight-lfne end-state ^rrectly. Since Piaget 
jS^ nKe?de? (195inave proposed that children's imaginal construct ons of end- 
iStef derive from transfbrming processes feased on knowledge of spatial rel a tion- 
fhip" U is noJclear from their position how end-state images are derived a- 
part from these transforming processes. * . ^ ^- , - 

Piaget and Inhelder have argued that ■'state-to-state" images^ "°Lfaura-" 
tute true imaqinal changes of state, but are reproductions of static cqnfigura- 
^?^ns experienced by children in their daily lives. , Further. ^they have asserted 
That end-state imaqes do not lead to a better understanding -of the preceding ^ 
aaJon sequence, sfnce Children who generage' correct end-states Images still do 
not understand the transformation. . . ' 

ThP second of these arguments is circular, while the first is inconsistent 
with Piaqet aSd Inhelder's fl 973) own position regarding children's memory for 
■<tatir??nfiqSration^^ tMs iiew, even memorf for static states is influenced 
bj t h • ?eierof undSstanding of the transfonnations tKat produc he 
cLJ^oc Fnr instance children's reproductions of an ordered series of sticks 
vaHed"d/peM ng upon^he r ow"n methSds of seriating sticks. I" sum the pheno- 
menon of state- to-state imageV'y is inconsistent with P^J^Vt^^'anSlle?? alter-" 
tion reaardina the developjnental basis of imagery development, and their alter 
JltJvrfx^lInations l^m inadequate for reconciling the phenomenon of state-to- 
state imaging )vith their pOfiitiofQ 
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this inconsistency between observed "state-to-state fmages and » 
Piaqet and Infielder's argument that true end-state images depend on under-^ 
standing of and imaginal production of preceding states could be resolved 
jf St te-to-state imagery were shown to.be a manifestation of children's 
operatory intelligence in the transition between the P'leToperational and 
conrret^opWtional. periods. Several researchers in fatt. have concluded 
S orie Characteristic of children's thought in J^e transitiona period ^^^^ 
the ability to make accurate inferences or predictions on the basis of cor- 
respondences beSeen states, rather^than orr the basis of the transformation, 
bf one state into another. Gelman • 1978) , for example, reported that pre- 
schoS?ers can sometimes arrive a t'.a correct solution 'to^a number^co^^ 
tidn task by counting the numbers of objects in each before and ^fter 
a spatial trans fonnati on of one set. This contrasts with the_typical be- 
havior of older chil^iren who reason on the basis of the transformation. ^ 
Brown and French (1976) reported that children given the beginning of a nar- 
rrtiJe storj can if ten provide a-r^sonab>e conclusion but have inore trouble 
supplying causes for outcomes, a task wHich presuppafees an understanding of 
transformation itself. ^ Youniss and Dennison 1971), demonstrated that 
some children can make correct inferences about size relations on the basis 
b? figur tWe cues associated with the .terms to-be-compared but not on the 
basis of a 'common middle term which would require reversib e logi.c. A 
fr Is°L th™nctijnal role of ^tate-to-state reasoning rn the evelop^^^^^ 
of subsequent cognitive transformations was in fact implied ^y P aget in^a 
statement regarding- the development of conservation concepts: ( The child) . 
must f i?st discove? the correspondence between two states in order- to. make 
Sar sons, and this has ^to. precede any trans fortnat ions any working of 
changes on these fixed states" (Piagef 1975, cited in Gelman 1978, p. 30Zj. 

' A.' Chil dren's precoci ous dntjci^orxjmaje^^ of end-states, 

Piaqet's revised theory makes t^ree predictions about children's per- 
formances fn anticipatory imagery tasks The first J^^^f^f^/,^.^^^;; J^,^, 
will use a figurative matching process to construct anticipated.end states 
of movements, ^he second is that these children will be intermediate in age^ 
between tSo e who anticipate end states by imaging a 5^^°% "lovementjnd tho 
who are unable to anticipate end states This prediction ^^o^J Jf.^tf^'"/^^^-,,. 
get's supposition that figural construction of ^"d.^J^^".^""^^^^"!"^',,^^^^ 
sarv precursor of operational state construction. The th rd«is that accurate 
iudamem on a conservation task wi IT be made both by children who imagine • 
moSnts aSd ch?rdren who cc>nstruct end states by a figurative matching pro- 
cess but that incorrect judgmenfs witl be tnade by children who are "JaBle 
^0 anticipate end states of Movements. This prediction follows from Piaget s 
Jpo hesi that children can both anticipate the egd^states of a movement and 
evaluate the equivalence of objects in a movement's end state by either; a 
figurative matching process or -by operational deduction. 

The present study tested these predictions two anticipatory Imagery 
f;,cW«; anrl a Standard- conservation task. On a reCognitidn imaging task^ chil- 
SrenVvaluateS ^ilSs on the basis of whether they accurately depicted' the. left 



to-right-transposttton mbvement of, a stick Incorrect fitms showed the . > 
stickxharigingleogtli during movement and eft her ending a different length 
than in the smarting state or ending the same length as in the starting 
state (-I-E »and -I+E). On a production imaging task, children manipula- 
ted slats in opposite sides of a board that controlled the length and- po- 
sition of & blacic strip exposed. to view. The strip was described as re- ^ 
presenting an actual black stick. On different trials, children weV-e told^ 
to (a) make the black "stick" get longer (or shorter), b .show how the* 
black «tick v/ould look after it moved to the right, dr (c)- show how the 
black SLtick would look while it. was moving. 

Three patterns of performance on the two imaging tasks were predic- 
ted, (a) The mosrprimitive pattern was expected to reflect some^chil- 
dren's conceptual understanding of movement as a change in the order of an 
object's end points (Piaget, Inhelder, & Szeminska I960),. Since alj 
on the recognition task showed such a change, it wa^ anticipate^J that these 
children would judge all films as correct instances of a movement A . 
comparable performance on .the production task would be. to respond tq aii 
three sets of instructions by changing the le,ngth oT the stick: . (b) The 
second predicted pattern was derived from the hypothesis that some children 
anticipate end states of movements, by a figurative matching process. On 
the recognition task, it was, ^expected that th^se children would Judgf^as 
correct all films showing sticks wU-h' equivalent lengths in the .starting and 
end states. Ob the production task, "it was expected that these children - 
would accurately construct the stick in a. new end-state position by succes- 
sively adjusting the si ats^ until the strip was the sam6 length as in the in- 
itial state, (c) The developmental ly most-advanced pattern was predicated, 
on the hypothesis that some children anncipate end states as'the direct out- 
come of a movement. .Th?se children wefe expected to judge as correct only 
films showing the stick's length maintained throughdut the movement on the 
recognition task and ♦to coordinate manipulations o,f opposing slats on the 
production task to represent -the movement of the black stick. - 

A total of 65 CaucaSvlan middle-class boys and girls- attending a sum- 
mer day camR In New Orleans, Louisiana, were tested. They ranged in age 
from 4-6 to 7-8 years. 

'The data from this study- supported Piaget' s (1977) hypothesis that^^ 
some children Imagine end states of movement by mentally constructing an ob- 
ject which corresponds figuratively to the same object. in Its initial state. 
Indirect evidence for the hypothesis was provided bv Children'js judgments , on 
the recognition-Imaging task. On this task, a grou^f children said that 
films showing a stick, increasing and decreasing In Ifngth as it moved, but 

ending the same length as in the Initial state, "[r^^t^y .r^P^'^^J^f^.^Sndinn 
transverse movement of a real stick. Conversely, they. said ^Jat films ending 
longer or shorter In the final state of movement did correctly show how 
Sa real stick would Took when It moved. These judgments indicate that the 
primary, basis for their eva,luat1on was the appearance of the stick in the end 
state, rather than the form of the- pfreceding movement. 

• More diredt evidence for the figurative matching process was ob^lned 
on the productlqn imaging task. Children performing on this task had tb move 



slats at opposite sides of a board that controlled the 3;°""^ 
strip exposed to view. The strip represented a real cardboard^stick used, 
in a ore! imi nary' phase of "the study. wTien the movements of both ?lats 
were coordinated-that is, when both slats were moved simultaneously in 
the same direction at the same speed--an impression of a^transverse^move- 
ment in the black .stick was created. However, when children who judged 
films on the recognnion task by the quality of^the depicted end state ^ 
were instructed to represent a mp^emenfof the black stick on. the produc- 
tion task, they mo^ed the two slats one aW^ime until the board showed 
a black stick in a new location that cori^esponded in length to the orig- 
inal black stfck. -The correspondence between children s resp6nses- to In- 
structions to show a movement and to show an end state suggests that the 
two sets of instructions -were interpreted synonymously. Both movement 
and end states were constructed a- process of successive slat adjust- , 
ments that achieved a figuratiwf correspondence between the stick in its / 
initial and' final state positifths. These children's pei^ormanees on the. 
production imaging task thus corroborated the interpretation of their 
.recognition task" performances, \ ... 

The prediction that children who used a figurative matching pro- V |y 
cess to compare and produce end states of movement would be midway in age \ 
between those who used ah operatfional process and those could use neither • 
process was supported by\he finding of a significant correlation between 
children'.s ages and imaging task performances. Although there was over- 
lap^amofig the ages of children in the three i>aging task performance 
qroiips. children, who on the average were the oldest in the sample evalu- 
ated films on the basis of the quality of the depicted movement on the 
production task and coordinated the movemeht of the^opposing, slats tp show 
a moving stick. Children who were the ypungest said that sticks becoming 
and ending longdr (or shorter) in the films represented the movement of a^ 
real stick^and actually lengthened or shortened the stick in movement, end- 
state, 'and length-change cdnditioTTs of the production task. 

• The third prediction from Piaget's (1977-)" theory was that correct 
conservation of length judgments would be made by , children who could use 
either a figurative matching or 'operatipnal construction process for im- • 
aging anticipated end states. TMs prediction loYlowed Ji^o-" Pl^get s sup- 
position that figurative matching is a process thk can be .used effectively 
in comparing initial and final ostates in a standard ^length-conservation 
task Chi-square analyses of the relation between' judgment and "imaging 
task performances supported this prediction. An additional indication that 
children used different f>rocesses for making .correct ^ecisions on the con- 
serv'ation task was their explanations^ Childfen who used a figurative 
matching process on imaging tasks predominantly said that the transposed 
stick's length was conserved becaUse "You moved it" o»; because They look 
the same!' (referring to the stick's relation to the stationary stick). In 
contrast, children who correctly evaluated and produced movement op imaging 
tasks gave explanations like "Both ends^moved together" or Cardboard 
doesn't stretch like a rubber band." Although comprehensible explan^t ons 
coald be elici-ted from only 67% of children who made correct conservation 
judgments, these exampleir^suggest that children in the more advanced m- 
• aging groip were considering critical properties of the stick's movement 



or physical properties of the stick as' they might; be affected^by movement, 
while children at the intermediate level were invoking perceptuaL-reasons 
or simply restating the fact of the stick's movement. 

The argument thus far has been that children'^ performances on the „ 
recognition artd production imaging tasks reflect their conceptual under-. 

* standing of movement. However, there are three ^1^?^"^ ^y%^,^P^^"^J:°"'h, 
for younger children's performances on the production task that should be 
considered. One is that children in group III thought they were supposed 
to produce an actual movement of a s-lat on the board, rather. than an ap- 

' parent movement of the black stick. This explanation, however, is incon-^ , 
- sistent with the finding that group" III children's strategies when instruc- 
ted to produce a length change were^dentical with their strategies when , 
instructed ti produce aMnovement^ an end state. It is also inconsistent 
with the fiad-ing that group III children's performances on the production 
task corresponded qualitatively to their performances on the recognition^^ . 

• task. -The second explanation is that younger children were too motori call y 
inept to coordinate^ke simultaneous movemerft of two slats required to 
represent "movement."^ However. 25% of group III and 30% of group II chil- 
dren used a simultaneous-move- strategy in J^e length-change condition. 
Finally, it might be -argued that younger children were dimply pl ay ng with _ 

, the board, rather than moving slats strategically. However, the finding ^ 
that a high percentage of children in both younger groups used the same 
strategy on three out of four trials in a condition clearly argues against 
this explanation. In short, none of the three alte/natfive explanations is- 
supported by the data. , , ' 

The finding that children can use qualitatively different Processes 
to arrive at correct solutions to problems is not without precedent ^"vJJLi 

^ cognitive developmental literature. For example, ^1?";;^^^^?^^"^^ °P^r^^[^^ 
solutions have been demonstrated on number conservation (GeljanjgyS), tem^ 
poral. ordering (Browri & French 1976), transitive inference (Youniss & Denni- 

971). and class inclusion (Dean. Bridges, & Chabaud, 1981) P^ob ems 
Whether f gurative solutions to the^e problems are necessary prerequisites 
for the deJeloptiient of operation solutions may not be demonstrable by avail- • 
aMe dLelopmeK?al research techniques (McCal 1 1 977). ^he range of tasks 
in which figurative and operational solutions have been demonstrated, how- 

. ever does suggest that the figurative matching process may be a general 
characteristic of children's thinking in the transition from prfeoperational 
to concrete operational stages. ' , 

I An.ly.;p.; of children's spatial imaging capac ities_usinq reaction-time measure- 
ments and comparisons of RT with drawing .measu res^ - ^ 

Mental images, by definition, are internaj. unobservable psycholog- 
ical phenSmena. Thu^. the quality of a person's imagery, must be inferred 
from observable behav ors which are assumed to be associated with the im- 
ag?ng process In the cognitive devel|^.ent;al .1 iterature. « cont^J^'^r^/^^ 
iisui concerns the validity of childre'Ts drawings as measures of the r 
imagerrof spatial transformatipns and movements ^^r^fl^^^"^' ' 
(1971) research and other Piagetian imagery studies (Dean 1976, IS/ya, 
Youniss & DeaS 1974). drawings were the basis for the description of devel- 
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.ents" in the qua-lity of children's' imagery from the pre-school through 
e adoi^sce'nt years. Drawings'made by the. younger -children — i.ie. 5 and; 
year .01 ds->- -were "st^atic" in that objects of parts of; objects were repre- 
ented iTi fifhtficip'ated 'future states as they appeared in the ini.tial state.' 
The average age at which older children could correctly draw moving objec.ts 
depended on .Uje nature of the movement and the figural ' complexi ty of 'the 
•intervening ?nd ,ffnal.. states. Far example,, transpos-ing objects were easier 
to draw than ri^tating objects, and objects .movingp'rr rela^tion to a s^t^tion- 
ary fram^of reference were- easier to ciraw than objects moving in relatipn 
to a movtng reference' frame. Objects wl^ic[> rftoved ^hrough an empty fie^d 
were easier to d'^aw' than" objects whit:h iTitrers6cted other objects during 
mo^^ment, and-!obje9ts <GriiB^3ted verticaTTy or -horizontal ly in relation to 
reference frame were ea&ier to draw than obliquely oriented objects (Dean 
1976; Piag'et 4,970; Piaget & Inheldera97,r; Piaget» Inhelder & Szeminska 
'I960).' Piaget and Inhelrler. interpreted errors in children's drawings as 
indicative of poor, mental iirtages, and hypothesized that poor images stemned 
from -Children '» inabilities, to donceptua'l ize external spatial . reference sy- 
stems and the logical prcjgertles of object displacements within reference 
systems. , . • ' . 

Skepticism about children's drawings come primarily from researchers . 
of ah infomation-processing theoretical bent, who prefer to study chil- 
drerti;s rotation uiing a reaction-time procedure (Chi Ids & Pol ich 1979; Kai\ 
Palligrino & Carter' 1980; Harmor 1975; 1977). "The procedure is 'based on' 
Shepard's (Cooper & Shepard 19'73;*Shepard & MeJ;zler 1971) methods for study- 
ing adult's mental rotation. Subjects are instlructed to prepare an \mage 
of an object in -anticipated states of rotation,«|and th'en to compare their 
image wtth an/external standard. MentaV rotatib^i is inferijed if- prepara- 
tion times increase as .a linear function of degrie of rotation, if decision 
times-.are uniformly fast across orientation, and if subjects are accurate 
in comparing their prepared images with the stahdEfi(-d (Cooper & Shepard 1973): 
The results from these studiQS' general ly compilement- Piaget and InhaWer s. 
(1971)\f,indings by showing^ that children 8 years of age and older can men- 
tally rotate, become more accurate and efficient at r^gtation (Kail et al . 
1980; Marmor 1975; 1977) and faster-. In th-^ir respon* times (Chi Ids & Polich 
1979) as they grow older. ' However,* Marro6r's findi/5j;that 4' and 5 year old<5 
can mentally rotate contrad.icts fiagetand InhelderW^eSuUs. Her explan-" 
at1on for.the difference was that Srrors in younger Mildren's drawings on 
Piagetian tasks^jjM^ably reflect their poor Inotor coof^nati on. In a sim- 
ilar Vein', Kq^^m^^SO) claimed that errors in childrWs drawings might 



simply be co^Pfrfons that the child uses jto. externa lizeHMernal events 
onto two-diri?nsional surfaces. In Kos^lynS words, ''a. cMlM'.s image might 
be perfect, -but his or her drawings skills 'limited" (Koss1y%T980, 420-421). 
Both -critics, therefore, rej.ect6d Piaget and, Inhelder's as^O^tion that 
children's- drawing errors reveal the inadequacy of their menM images, and 
thus discounted the corttributions of Piagetian research f(^r ah^nderstanding 
of imagery development. ^ , • 

A. A comparison of RT and drlfwinq neasures of mental rotation \ 

This study tested .the. hypothesis that drawing errors on anticlMtory kineti 
imagery tasks reflect children's poor images of objects in antici(ftt^ states of 
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tnovetjient.^^ The hypothesis was tested by comparing children's performances 
on a RT version and a (Irawing version of Piaget and Inhelder's (1971) ro- 
tating squares task: If error patterns in children's drawings are consis-^ " 
tent, with RT task. data interpretations of cfyildren's imaging abilities, 
then it (?lart be concluded that drawing errors reflect the quality of chil- 
dren's mental imagery. In contrast, if the patterns and qualities of chil-^ 
dren's drawing errors are unrelated to their RT task performances, then a 
•case can'be made for Kosslyn's ;ind Marn\or's claims that drawing errors re- 
suit solely from children's conventions or poor motor coordination. 

The rotating squares tasTc, as administered \f\ Piaget and Inhelder's 
research, required children to imagine a square rotate around a pin which 
jT)ined the square to a second, stationary square. The stationary square 
was in a vertical-hogzontal (V-H) orientation relative to the backdrop. 
In an actual physical^ rotation, the squares assume different configurations 
ilepending on the rotating square's orientation and position relative to the 
Stationary square. In some states, tlie rotatirvg square is oriented obli- 
quely and partially overlaps the stationary square. In other states, the 
Wtdting square is in a V-H orientation, and is ei ther juxtaposed next to 
the stationary square, or covers the stationary square. Piaget and Inhelder 
concluded that 10 and 11 year olds in their sample could imagine a rotation 
movement, since they v/ere able to draw the squares correctly in both oblique 
and V-H orientations. In contrast, 7 to 9 year olds were described as cap- 
able of imagining the square's displacement a$ a "oosition change" but not 
as a "distance covered, with its various characteristics direction, mea- 
surable size, shape and orientation..." (Piaget and Inhelder 1971, p. 139), 
since they were able to draw the squares corrfectly in some V-H ^orientations, 
but systematically distorted the squares shape'and pivot position in oblique ^ 
orientations. \ In Piaget' and Inhelder's interpretation, images of position 
changes only require knowledge of simple ordinal oper:ations, while images of 
displacements as "distance covered" require knowledge of coordinate axis, 
reference systenls. Five and 6 year olds indicated an inability to imagine ^ 
even simple position changes, since they either represented no change in the 
'square^s position or orientation, elongated the square, or.mqved both squares 
simultaneously, thus conserving the initjaUconf iguration. These errors re- 
sulted in low percentages of correct drawings at both V-H and qblique orien- 
tations. 

Based on Piaget and Inhelder' s results and interpretations, the dtita 

in this study compared V-H- and 



analyses for both the RT and drawings tasks 
oblique orientations. ^ First, it was predic 
"mental rot^iters" on the RT task would draw 
rectly. Second, it was predicted that some 
quickly and make more accurate decisions on 
the RT task, and would also draw the square 
lique Orientations. Finally, it was predic 
form equally poorly on oblique and V-H angl 
drawing tasks. - * 

Forty^eight white, middle and lower-middle class girls attending IJbr- 
ochial and public felementary schools in New Orleans, La. Were tested. Four 
children were dropped from the study because of inattentiveness during, the 



ted that children classified as 
both oblique and V-H states cor- 
children would respond more 
V-H than qblique angle trials on\ 
s more accurately in V-H than ob- 
ted that some children would per- 
e trials, on both the RT and 
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reaction- time task. The ages of the remainiag. 44 chfldren ranged between 
?l aSd lairyears. with aV^ • 
years. \ • > ^ '■ 

Children' s 'prepai^ation and decision phase Rerformances of the RT 
task suggested that nine, children .mental ly rotated, in the Preparation 
Dhase (group A); nine children imagined some chang* iTi the square s posi- 
tion! sin?e^reparation ti^es differed, as a function of V-H arid obUq^e 
orientations, 'but 'did not succeed in preparing an image by mental -rotation . 
(group- and 26 children used no. discernable systematic strategy (group 

c). • ^ ■ • ' . ''^ . ■■ ■■ . ■ 

* An analysis of variance pe^^ormed ori children's ages indicated, th# 
there -\;»ere no significant differences between groups A. B, and C, 

1 86 p > .05. Children in group A were between 7.5 and 12. 3 j^ears, with 
eight of the nine children between -9.9 and 12,3 years. The '""n for, the 
total group was 10.3. Children in group B were between 6.8 and 12-4 years, 
with a mean of 9.1 years. ChiWren in group C were betweeft 5.6 and 13.8 . 
years, with a mean of 8.9 years. ' ♦ ^ 

• Chi'ldren's performances on the drawing task were analyzed according 
to the quantity and^quality of errors in their drawings of the squares at 
bach of the foLr rotated orientations. All ^^^he children drew or- 
ientation correctly. Table 2 shows the percentages of children jn the . , 
threereaction-time t«sk groups who were correct in drawings of the four 
JStateS orientations." and^he'percentages of children with four Performance . 
patterns; (a) no correct drawings; (b) at least one correct V-H drawing. _ 
?ut not correct oblique drawings; (c) at least One correct V-H ^nd at least 
one correct obi iaue drawing, but not all correct; and td) all correct. Re- 
actioS'uSe task^roup?,were differentiated on both f^^res. Children Jn 
qrouD A were more accurate overall than children in groups B or C. Error 
-'patterns indicated that gr.up A children' s difficulty wa-^ ^ ar orien- ^ 
tations. rather than with oblique states per se. The percentages of correct 
drawing^lfor these children were high for the two near^ori/entati9^5 (4^^ 

* 90°). but only moderately so for the two far orientations (35 , 180 I 
of the children in group A drew at least one V-H and one oblique angle ori- 
entation correctly (performance patterns (c) and Ad)). 

Children tn group B were mid-way between groups A and C in overall 
accuracy 'Their griatest difficulty was dearly with oblique .orientations. 
In comparison to group A. children^n .group B f^e almost as many correct 
drawings of V-H states, but fewer correct drawings of oblique states. Their 
.individual performance patterns were predominantly of the second type (pat- > 
tern b) - i e. no correct oblique states, but at least one correct V-H . 
Uate Final?;, children in grSup C made tlie lowest percentage of correct 
drawings on aU four states. Their predominant pattern was no correct 
drawing (pattern c). . ' ' . ' 

An analysis of variance was performed on the number of correct _ 
■ drawings maSe- by children- in the three groups at the Jwo combined oblique 
oHeitations arfd the two combined V-H orientat ons.- Both the Qro PS F(2 41) 
= J6.72. p < ,001. and the orientations. F(l,.4p = 11.68, P < .OOl.main et- 



•f ects were si gnif icant. A chi' s^iuare analysi s. perfprnjed on ttie frequen- 
cies of children in groups A, .B, . and C with individual perforinante__ pat- 
teVns of types , (b) , and combined (c) and, (d) indicated that the rela- 
tiionship^s highly siignif icant, X<(4) = 34.53, < M}, • : •) 

; There were three categori es of chi 1 dren's incorrect drawings! . In ' 
the first, (incorrect Ghan^l.fchildren' drew; the squares correctly with 
respect' to all aspects .except orientation. - Both" of .the squares were re- 
presented i n approximaltely .square sjijpKS , the two tohnected corners .y/ere 
together, and the top square was rdfated but to the wrong orientation. 
In- thd second (static), were drawings in which the squares appeared ex- : 
actly the same as in the starting ^ate,' in alV stipulated orientations. x 
This description^f its all; types of drawings in this category precisely, 
with two exceptions. One type included drawings 'in 'whi^ja the only change 
was in the orientation of the arrow drawn on the. top sqiare. Children '/ 
Were not i nStruCted to; draw the' arrow, • byt sometimes di cTss vol untari ly , 
fno^t often in drawings; in this category. The second type irt^luded drawings 
:iri which children only changed the positi . 

in the third category (maintaininq) were drawings of various types, 
all of which had in coUnorv' the- feature that an aspect of the squares that • 

.should have been changed was maintained, whereas an aspect -that should 
have been maintained was changed. Most often', the aspects maintained in- 
correctly were tiie ini'tial non-overlapping positions of the two squares, 
and the vertical ity or horizontal ity of 3ome of the sWes of the rotatirfg 
square. I-n' order to maintain these aspects, children most often changed 
th/ pi vfp't position and'/or shape {of the rotating square. Children in group^ 
C most often made' static errors-, children in group B most often made jftain- 

•taihing errors , and thi Idren i n group A , . the same number of rtiai ntai nfng as 
Incorrect change errors. Kruskal-Wallis tests were used to' compare A 
numliers, of drawings made by children in the three groups, for each4>f the 
error categories separately. The results indicated a s^gnif icant/^roup 
'difference for the static error category, H= 25.11, df = 2, p < /OOl; and 
for the maintain eKrbr; category, K = 8.37, df = 2, p < .02,; but nfot In the 
incorrect change category^ 

In supnary, reaction-time and drawing measures of children's mental 
rotation suggested similar qualities of imaging. For group A/ both mea- 
'sures indicated that children could imagine the square's rota/ti on. Group A 
chi/ldren Were prepared to make fast and accurate decisions iri both condi- 
tions of the RT -task , and were abl e to draw the squares in both anti ci pated ^ 
obliqufe and V-H orientations. . , ' ®^ 

For group B, both measures indicated that children /did not mentally 
rotate They were not prepared to make fast or jaccurate , decisions in eir 
ther .decision phase condition on the RT task, and their drawings failed ^o 
cbhserve aspects of the square that remain invariant dut/ing a rotation mover- 
ment -- i. e., the pivot position and the. square's shape^ Both measures indi- 
cated, however, that group B^children could imagine sortie change, and that 
the differences in the squares' configuration in diffe/^ent states of rota- 
tion played a significant role in children's abi] ity to imagine change. On^ 
both measures, children found it easier to imagine .tf^ square in anticipated 
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V-H than ainticipated oblique orientatidns. 

^y- Finally, both measures suggeited th^t children in group C could not * 

, reliably imagine change to any orientation. On the RT task, children's ^ 
response times and error rates failed to differentiate ^atpon^ orientations. . 
Th6ir drawings showed little Or no change from the initial perceptible 

■"-st^te/ • ^ ; • ; V' , . • ■ . ■ > ' ' • ■ .- ^ 

One^explanation ftir the correlation between chit 
on the drawing and reaction-time \asks in this study could b'fe^ fhat chil- : 

/ dren improve' in both their tJrawing i'kills and mental representations 'as' 
they grow older^ ^but that these developments are parallel and independent. 
The adequacy of this explanation. was tested by two analyses. The first was 
a partial correlation between children's reaction-time task groups/and 
thevr total number of errors at the four rotated orientations, v/ith age 
controlled, r ~ .64, p < .001. The other v/as a 3(Qroups) X 2(orientatipns) . 
analysis of variance performed on the numbers of children's drawing errors 
at oblique and V-H orientations, with age as a covariate. The groups main ^ 

. effect was significant, F(2, 40) = 14.73, p < .001. Age, therefore, was not 
the sole contributing factor to the observed relationship between children's 
reaction-ttme task and drawing task performaRces. 

B . The development of chi^dreh's^ mental tracking strategies^^^ a rotation 

^ task (Dean, Duhe and Green 1982). • ' • . .■. ' ; ■ I 

• • . .. ' ■ i. . 

The results of Mamor's (1975; 19)7) studies also differ from the . 
results of two" studies by Dean (Dean & Harvey. 1981; Dean & Scherzer 1981) in 
which Marmor's rotation paradigm was used to investigate children's perfOr- • 
maihces on Piaget and InheldeV-'s (19711) rotating squares task. In these two 
studies, some 7 and 8 year olds generated linearly increased reaction times, 
tfut younger children did not. ^j.,. 

The- primary difference between Dean's and Marmor's studies was in the 
nature of their respective stimuli (si^uares vs. bears). There are two ways 
in whiGh bears differ from squares which may account for pre-scf?^l children's 
relatively better, performanc-s on Marpr's task. A bear's torso supports its 
head, its legs support its torso, and so on, ^re-school children's familiar- 
ity with these functional relationshii)s may held them conserve the, spatial 
relations among the bear's parts during mental rotation. In con^st, a square 
is an abstract figure defined exclusively by spatial relationships. A square's 
sides are of equal length, and its amjles are 90°.. Pre-school children typi- 
cally do not understand that metric properties of objects are conserved when 
they are moved (Piaget, Inhelder & Szuminska 1960), and thus have difficulty 
" . .. . in^ages of objects undergoing movement 



maintaining these'properties in their 
(Dean 1976; '1979; Piaget & Inhelder 1!)71). 



Second, the parts of a bear a 
parts are figuratively redundant. Di 
cues for accurate same-different ju 
a non-rotational strategy (Cooper & 
Kosslyn 1980). For example, in Marmo 



figuratively distinct, white a square's 
tiiictive parts of objects may provide 
idgilients on a Shepard-Metzler task based on 
Sljiepard '1973; Cooper & Podgorny 1976; 

s studies, children may have perceptually 
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searched for corresponding arms on the two bears and then decided if they 
were both oriented in the same direction in relation t^'^Ke bear's body. - 
Or< children may have referenced the bear ?.s arm to, a part of their owii 
bodies, and then turned their bodies,, in thie direttion injiicated by the. ' 
comparison bear's orientation. This latter strategy couTa be used whether 
the two hpars w6re presented simultaneously, as' in Marmdr's studies, /or 
successively.. Thus, the dtlemma. posed by the Sheparrf-Metzler task when . 
us^d withfc.pr is that stimuli designed to facilitate the ' 

maintenance of spatial relations among object parts during mental rotation-^ 
can also provide "opportunities' f-or cMldren to make correct same-different 
judgments using rjonrrotational strategies that are indistinguishable on ^ 
reaction-time tiieasures from rotational strategies. . * * 

■The_ purpo!^^ of experiment 1 was to compare pre-school and older chil^ 
dreriVs abiTities ta mentally track an object through a rotation movement. 
A procedgre was used in which children were explicitly told to imagine a 
pointer'; resembling the hand of a clock, rotating in a clockwise d.i:rect;4on 
at the same, self-chosen speed on every trial. ilhen''3,4,5,6, or 7.secondSv 
had elapsed after the beginni^ig of a g*i,vea tria-l; the experinienter gave a': • ' . 
signal. The child's task was to indicate the location on the backdrop that 
marked the pointer's imagined posi tion at /the time of the signal . , 

The procedure differed from the Shepard-Metzler procedure in three ' 
ways which aided in the unambiguous interpretation of results. First, in 
the Shepard-Metzl^r procedure, mental trackiRg was ..a means by which children 
could achieve the primary stated goal of the task, which was to .discriwnate 
same from different pairs of stimul i. Thus, children qbuld have chosen alter- 
native methods for making same-differnet discriminations, and still have met 
the task's stated objective. In the present experiment, the primary stated 
goal was, to, keep track of the pointer's rotation so that its location could 
be specified at any point in time, thus, children who mentany track the 
pointer failed to meet the stated objective, * 

Second, Shepard and his associates (Cooper & Shepard 1973) -have admitted 
that linear components of reaction-time functions are not essential tb infer 
mental rotation on same-different comparison tasks. For example, in. cases 
where stimuli are highly familiar* comparisons between differently oriented 
Stimuli could be made without rotation at sraalT degrees of angular disparity/ 
but require rotation at larger degrees of angular disparity. Thus, curvilinear 
reaction time functions' could be generated by mental- rotation on some compar- 
ison tasks. In contrast, 1 inear regressions are both necessary aad sufficient 
to infer mental tracking On the task used in experiment 1. Children were re- 
quired , to use mental tracking to -continuously monitor the changing orientation' 
of the pointer. Linear regressions would have been generated by a mental 
tracking strategy, unless tracking speeds varied inversely as a function of 
rotation time. This latter possibil ity was remote, since children had no 
advance knowledge about the, time intervals for upcoming trials. Other possible 
[explanations for non-linear distance x time functions— e.g. children's fail- 
ure to mentally note the pointer's imagined location at the time of the signal, 
or their failure to accurately point to. the imagined location -- were rulied 
out by a pretest ^f children's proficiency at these responses on a set of 
"perceptual tracking" trials. . • 



Third, the torbe-rotated stimulus in the present experiment could be 
effectively reduced to the simplest pdssible object -- a point. The tasjj 
simply required Chi 1 (ken to keep track of the rotation of the pointer's tip, ' 
or any other point along its length. A Shepard-Metzler coniparison task, in 
contrast, requires an object with component parts that can be the basis for 
same-different discriminations. Thus ,« the question oi? object complexity or 
familiarity, enters into the interpretation of results from Shepard-Metzler ^ 
tasks, but -eot from the ta^KJn the present experiment. 

'Seventy- six children from parochial elementary schools in New Orleans ,. 
Louisiana were tested. There were 26 kindergarteners (mean age, 5 years, 8 
months), 30 second graders (mean age, 7 years f 9 months) and 20 fourth graders 
(mean age, 9 years, 8 months). - 

On t'he mental rotation trials in the experiment proper, children were 
requi red* to think about the pointer rotating instead of seeing it rotate. In 
contrast to the speed estimation trials, children had no i-nformation at the 
beginning of each mental notatioJi trial about rotation jlistante o.r rotation 
time. They were simply told to' think about the pointer, rotating until they 
heard the experimenter's signal. As on pretest trials, theirtasK was to r . 
point to the segment on the color wheel that marked the pointer's imagined- 
location at the time of the signal. The experimenter instructed children to 
"Think about the pointer moving at the same 'speed'as before (i.e. as on the 
speed estimation trials). When you hear me tap my pencil on the table, think 
about which color the pointer was on at that exsact moment. Then show me the 
color by pointing to the board. When you're rehdy to start thinking about 
the pointer moving, push this black button. When you hear me tap, show me 
the color you imagined the pointer was on just at that moment." 

There were four measures of c)iildren's performances in th-is experiment. 
First, the degrees of rotation indicated by each child for mental rotation 
trials at the five time intervals v/ere analyzed by regression. These analr 
yses designated children as "rotators" if regressions were significant at 
p <.05, or "noa-fotators" if regressions were not significant. 

Second, the percentages of childlren's "rotational" 'eye movement patterns 
were examined to determine whether or not they corroborated children's classi- 
fications as "rotators"' or "non-rotators". Two measures of children'? mental 
tracking efficiency were also analyzed. The first measure indicated' the de- 
gree to which children's imagined rotat'ion distances were linear (r2) — i.e. 
the proportions of variance accounted for by linearity in imagined distance 
X time functions. The second measure -was the ^lopes(b) of children's distance 
X time functions which provided a direct estimate of children's mental track- 
ing rates. • 

The regression and eye movement data supported the developmental 
trend described by Piagetian studies, but contradicted Marmor's claim that _ 
pre-schoolers are as proficient as older children at mental tracking. Second, 
children's variability scores on the'' speed estimation trials suggested that' 
kindergartener's difficulty on the mental rotation trials cannot be attributed 
to their inability' to estimate and maintain a temporal interval.. Non-rotators 
in the kindergarten arfd second grades were as consistent in their estimations 
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of time intervals on the' speed estinatiion .trials as rotaters^ in those grades. 

•\ Third, analyses of xhildren* ? r^ valiies and rotation rates yielded no • 
indication of quantitative improvements with age in children's rftental tracking 
efficiency,. This finding is counter to the results, from Marmor!s .(1975; 1977) 
and Kail, Pelligrino'and Carter's (1980) studies, whi^h reported significant 
age differences in xhildrerr* s reaction-time function ^^Ippes on Shepard-MetzTer. 
type rotation tasks. Hpwev,er, since the Shepa^rd-Metzler rotation task is 
ambiguous with respect to the strategies that generate linear reaction time 
functions, it is also ambiguous with respect to the meaning of these functions* , 
parameters. Slbpes mayVeflect mental rotation rates, or they may reflect 
children's perceptual comparison speeds. *Slopes of a relatively small magni- 
tude were; interpreted in Marmor' s and Kail et al 's studies as evidence for fast , 
rotation rates. An alternative interpretation could be that children made ' ' 
perceptual comparisons at relatively uniform speeds across orientations* Accor- 
dingly, age related slope differences could indicate that yjounger xhi-ldren need 
to spend more time comparing stimuli when orientation differences are large, in 

• order to maintain high levels* of accuracy in same-different judgments, whereas 
older children can make accurate jcomparisons quickly regardless of orientation 
differences. One sttjdy which did not find age related slope ^differences (Childs 
& Polich '1979) did not employ the* Shepard-Metzler proceyJure tjyt rathef Cooper 
and Shepard*s (1973) successive presentationtprocedure^, which did npt permit 
perceptual^Stimulus comparisons. ■ '^^.^.^ 

A second possible reason fog the f ihding of no developmental difference's 
, iq children's rotation rates in experiment 1 is th^tichildren were required to ' 
mentally track a point (the end of the pointer), as contrasted with the require- 
ment to rotate an object or a letter .of the alphabet in studies reporting rota- 
tion rate differences. Tfpe requirement to mentally rotate an object or an alpha- 
numeric symbol may. involve strategic processes that are Jjnjieifessafsy in mentally;^ 
tracking a point, and which alder children might carry out faster than younger V> 
children. A similar hypothesis concerning the relation between mental rotation 
strategies and rates was suggested by Kail et a^. (T980) to account for their 
finding of a developmental rate increase. In this view', older and younger indi- 
viduals might use different strategies $o rotate an object, which require dif- 
^ferent amounts of time. For example, older individuals rotate only a distinctive 
part of an object, while younger individuals might rot;?te the^hole object. Or, 
older individuals might rotate the whole object all at once, while younger indi- 
viduals iTiight might rotate each component separately. . In either case, the. strategy 
used by younger individuals might take longer than the strategy used by older 
individuals. 

Kail et. al.'s hypothesis of developmental changes in menta? rotation 

• %rategies is consistent with the notion that different strategies place dif- 
fe^ertt demands on children's Information-processing capacities, and that children 
become more .^dept with practice at carrying out information-processing routines, 
much as they become tno re adept at carrying out skilled motor routines. From the 
standpoint of Piagetian theory, ^however, there is less reason to predict age re- , 
lated differences 1n rfientaV rotation strategies. In this view, mental rotation 
images are symbolic representations of spatial operations, which are coordinated s 
mental actions that underlie cleductive reasoning at)Out spatial relations. For 
example, spatial operations subdivide space into intervals, coordinate spatial 
intervals within coordinate axis reference systems, ^and "change the positions of 
objects in relati-on to reference frames (Piaget, Irim^^r &. Szeminska' 1950) . 



Children can make Inferences about the relative amounts of distance an i 
I object might travel during different intervals of timev-oOn^erences 
' about the locations of one part of ari object from knowledge of the lo- 
cation of another part; on the basis of spatial placement and displace- 
ment operations./ Theoretically > once a child is capable of spatial 
operational logic, he (she) should be able to represent these operations 
if) mental imagery; in a* variety of ways. Children might choose to mentally 
displace one part of an object, Bnd then make post hoc deductions about 
the remaining parts' positions and .orientations, or to displace all part/ - 
of an object simultaneously by an on^going deductive reasoning "process, 
^represented symbolically in imagery by a holistic strategy. Either approach 
would be within children's logical capabil I'ties, and the choice would re- 
flect task demands or individual preference. 

Experiment 2 in the study » .therefore, addressed three questions. 
The first was wheth,er developmental differences, in children's liiental track- 
ing rates would emerge if children were required to track a whole object,. . 
rather than a single point. This question stemmed from the findings that 
different aged childr^ mentally tracked at equjvalent rates im experiment 1 
In this study, in wjiich the to-be-tracked object coul^ be reduced to a paint, 
but at different rates in. some experiments in which children were required 

• to rotate whole objects. \The question was addressed by modifyiiig the pointer ; 
used in experiment 1 so that it, rotated arfiund its mid- point, and 'by. disjtinc-, 
tively ffiarking the pointer's two ends. Children w^re requi'red to identify 
the imac^ined location of one or the other of ^theH>oi*nter^s ends on each trial, 

. .but were not told in advance of the\signal whTch end would be indicated. Thus, 
a strategy was called for that could keep track of the r'rotatidn .of Both ^Rds 
of the pointer.' ' ^ ' - "•• • • 

" The second and third questions, suggested by Kail et al ^ 's speculations , 

were whether or fiot diildreri at different age levels use different strategies 
to mentally track the rotation of the pointer's two ends, and whether or not 
children's tracking rates vary as a function of their strategies. Two basis 
"' ■ istrategies were differentiated on the basis of children's response time pat- . 
terns. Response time on the task used in experiment 2 was the interval between 
the presentation of the signal indicating that children were to note the imag- 
ined location of the pointerJs designated end, and children's depression of a 
' reaction-time button corresponding to the color'on the backdrop that marked the 
pointer's imagined location, If response times differed as a function of the 
pointer's designated end, it was assumed that children had mentally tracked 
^^^^ end of the pointer on all, trials, but then looked 180° across the backdrop 
for the location of the opposite end on trials when that end was named. If • 
response times- did not differ as a function of the poin.ter'.^ designated end, 
but were distinctly bimodal, it was assWied that children alternated between , 
tracking one end on some trials, and the other end on other. trials, thus gene- 
rating short times when the tracked end. was napped, but longer times when the 
untracked end was named. If response times did not differ as a function of^ 
the- pointer's designated end and were unimodal , it was assumed that children 
had tracked both ends^Of the pointer simultaneously. Thus, response time 
patterns differentiated "end-to-end" and' "end-to-end alternating" strategies, 
on the one hand, from "holistic" (or both end)' strategies, on the other hand. 
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» One hundred and five children from four grades (1,3,5, and 8) were 
tested— - 25 from gra<Je 1 (11 males and 14 females), 26 from grade 3 (14 
males and 12. females), 27 irom grade 5(^0 males, 17 females, and 27 from 
grade 8 (12 males and 15 females J. Mean ages (ilf^ years and morjths) of , 
children in the four grades were 6-7 for the first graders* 8-5 for third 
graders, 10-7 forfifth graders, and 13r9 for eighth graders. The chil- 
dren 4n the three younger grade'? were attending parochial elementary , • 
schools ifi New Orleans, Louisiana. The eighth, graders were attending a 
jwblic junior high school.. Both schools served a, middle to lower middle ^ 
class population - ; '■■ -''-^ . . • " 

All'thlcee questions asked in this experiment^arV^wered negatively 
by the results^ F^r^*/*^ developmental differences in rotation rates 
were observed, despite p6 requirement for childreq to^ imagine the rota- 
tion of a whole object. \ This requirement did, however, result in consid- 
erably slower rotation times relative to those observed in 'experiment 1 /k 
for children at all ages. End-to-end rotaters may have deliberately slowed^ 
,tne4D>speeds in anticipatix)n of trials on which they would ha^e to deduce 
the position of the untracked end. Holistic notaters speeds may have been 
slowed by the requirement to coordinate the position of the pointer's two 
ends after each imagined position change. • , 

Second, no developmental differences in mental tracking strategies 
iwere observed ainong children who were able to imagine the rotation of the 
\i^hole pointer. -The finding that mental trackers at each of the three higher 
;0rade levels were capable of both end'-to-epd and holistic strategies fits 
with Pid^get and Inhelder's supposition that spatial operations underlie 
rotation images,, and can be manifested by |^variety of different strategies. 
Logically', both the end-to-erta. ami .holistic-strategies ree]u1re children, to 
, Imagine, changes of position fof^ne or more pajrts'of the, rotating objept, ' 
and both require children atf some point either during br »fter the imagined 
rotation to deduce the position :.of one end of the pointer from the other. 
Thus, children who can reason deductively about space and spatial movements 
should possess the prerequisite 'logical ability to formulate arid execute 
either a holistic or an end-to-end strategy. The finding that children 
younger than 8 years i)f age in this experiment were.unable to use either 
strategy fits with Piaget's observation that children develop the capability 
to make inferences regarding space and other domains at approximately age 7 
or older (e.g. Piaget, Inhelder & Szeminska 1960). ^ ; 

- ■ ■ ■ * 

There were, however, significant within grade differences in the 
frequencies of end-to-end and holistiic strategy users. This difference 
could be explained by differences in tiie two strategies' information pro- 
cessing demands. Specifically^ the dnd-to-end strategy seems to require 
less effort than the holistic strategy. The holistic strategy requires on-"^ 
going coordination of the positions of the two extremities of the pointer, 
while the. end-to-end strategy requires single deduction of one end's ' 
position^oiTi the other. FtSV-ther, an end-to-end strategy may have been* 
suggested by the straight-line relationship between the pointer's two ends. 
Children may have recognized the feasibility of deducing one end's position 
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from the other at the time of the signal, and thusfchosen the path of 
least effort during the actual rotation phase. If the parts of the to- 
be-rotated object had been more complexly related, more .children may have 
'attempted hDlisl?ic strategies than p'art-to-part strategies, and dif- 
ferent developmental trend may have been observed. 

Third, rotation rates were not a function of mental rotation 
strategies. Rehtes for holistic, end-to-end, and one-end rotaters were ^ 
highly'-comparab>e. As previously speculated, rates for both holistic and - 
end-to-end strategy users may have been slowed by the requirement to keep 
track of both ends of the pointer. For holistic strategy users, this 
doordi nation was an on-going process. For end-to-end and one-^end rotaters, 
the anticipation of having:tb locate the untracked end may ha\re slowed 
tbeir rates. . < 

The results of these two experiments are not consistent with Marmbr's ' 
findings that pre-schoolers can mentally rotate, nor with the information- 
processing theoretical point of vi^w that mental rotation is a learned 
routine^hat becomes more efficient with practice. Children younger than 7 
did notgenerate linearly increasing distance time functions, rotation rates 
were equivalent among rotaters at different ages, and whole pointer rotater 
strategies (end-to-end, v. s Haldistic). that intuitively differed in their 
Informa'^i on-processing demands were not used a§ a function of children s ages. 
Equivalent rotation rates and rotation strategies in these experiments may 
reflect specific- task demands. For example, there may be an optimal rate for 
mentally tracking an object with the intent of identifying its location at 
anV given point in time; which children of -all ^g^s in these experiments spon- 
taneously chose. Similarly, the characteristics of the object in experiment 
2 may have narrowed the range of appropriate strategies ta two thafrcMldrfin 
at all ages coi^ld perform, while the use of more complex objects may have 
generated a wider, and more age-relatdd, range of strategies. 

In contrast, the ^.failure of 5 and 6 Mr old childf-en to generate V 
linear regressions is "hftss readily explained by task demands. On pre-tests, 
these children demonstrated an understanding^ of task objectives and procedures 
and the ability to accurately note andT>oipt to the pointer's locatibn on the 
backdrop. The only additional requirement in the experiments proper was to 
mentally, rather than perceptually, track the pointer. The to-be-tracked 
object in experiment 1 was reduced to the simplest form - a singlej^int. 
Thus, nonlinear regressions can reasonably be interpreted as^& failure to 
mentally track. The discrepancy between these and Marmor s findings suggests 
either that linear trends in Manner's studies reflected non-rational processes 
or that mental tracking, as explicity required in thii study, is a process 
that diffe»S qualitatively from the kinetic imagery that children used on 
Marmor 's tasks. In the present study, children v/ere required totontinuously 
monitor the pointer's rotation, while in^Marmor's rasks, childi^were re- ^ 
quired to imagine the appearance of the rotated object only in%he rotation s 
end-state. In the literature, however, reseer^hers have been quite explicit 
in interpreting linear regressions on Shepard;Met2ler tasks as evidence .for a 
mental tracking process, in which images pass through a series of consecutivel 
ordered states (e.g. Shepard & Metzler 1971). If mental tracking does not 
characterize the kinetic imagery process presumabijy used by pre-schoolers^on 
Marmor's tasks, then more detailed study of that process is clearly needed. 

■ • ^ 20 

■ ' • 17 ^ ' . . 



IV. Children's spontaneous trarysformational imagery arid m emorV. fpr^, 

fiquratrive states. ° < r 

\ ' ■ - ■ \ ^ ■ 

' ' Pi ageti an imagery research to date has not attempted to establish 
the' Kfelevance of children's abili^'es to ^maginally transform object 
staters for other areas of their c^nitive functioning. One area in ^ 
which* -imaginal transforming of* object states has been assumed to be im- 
portant that of children's memory. The constructivist , approach to 
memory (e.g.; Bartlett 1932; Piaget & Inhelder 1973) ass^umes that the 
ways' in which people understand an experience influence the ways in which 
the event is remembered. Conceiving: of an object state in terms of a net- 
work of potential changes or transformations ^Iresumably bestows greater 
significance, a deeper level of understanding, than conceiving of it ex- 
clusively in terms of figurative properties. The actual signifiqance af 
the constructivist position for children's memory res t^ on the extent to 
which children spontaneously use transforming strategies when processing 

figurative -states. ' - ' 

■* ' . - ■ ■ ■ . ' . ' ■ ' ' 

The experimental paradigm best suited for the investigation of the 
spontaneous generation of transformational imagery and Its ^fect on mem- 
ory I's one In which (a) initial instructions leave open the ns»ture;;of the 
processing to be performed oh stimuli; (b) children are nai\^e during the _ 
prpcesslng phase regarding the eventual requiremerit to recall the s,timuli; 
and, (c) Independent measures of children '-s initial processing strategies 
and memory fpr the stlmjll are Included. ' . . 

Reviews of the developmental 'memory llteratui'e (Libeh l977, Paris 1978) 
indicate that few. If any, existing studies meet all three requirements. 
Studies in 'which no initial processing specifications are included generally 
Inform children that their eventual ta,sk' is to remember the stimul i , and fall 
to Include Independent measures, of initial processing strategies and memory 
>)erformarices (e.g., Paris & Optori 1976; Paris & Lindauer, 1976). Studies In ' 
which children are naive regarding the type of initial stimulus processing - 
e.g. to construct a story about the stimulus (P.aris, Lljidauer, & Cox 1977); 
to Imitate the actions described in sentences (Paris S-Lindauer 1976); or to. 
copy the stimulus in a drawing (Furth, Ross & Youjiiss 1974; Pidget & Inhelder 
1973). In these studies, opportunities were lost for measuring children's 
spontaneous processing of stimuli, and the value of relating measures pf pro- 
cessing strategies to recall performances thereby reduced. 

One objective of the present study was to determine whether children 
mentally transform object states on tasks in which particular processing stra 
tegies are unspecified. A second objective will be to examine the, effect of 
trans.forming strategies on shoft anci long term memory for. figurative states... 

Forty chil'dren in-each of two grades--first and fourth--participated in 
the study. First grade subjects had a mean age of 6.27. Fourth grade sub- 
jects had a mean age of 9.26. All children were chosen from middle class 
Jefferson Parish Schools near New Orleans, La. 
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• Children veiwed 55 cm by 35 poster boards with fhree horizontal lines 
labeled if}, #2. and §3. Poster boards having only one experimenter con- 
jitructed state which was -located above line #2, and leaving the -spaces above 
line #1 and line jSf3 empty belong to the static one-state condition. For a 
complete list of the static one-state condition bf each task, see Appejndix 1. 
Boards having experimenter constructed states "aboye line Jl and line #2 and 
leaving the space 'above .line #3 empty' belong to the two-state conditions. 
For a complete listing of tasks in the logical two-state and the illogical 
two-state conditions, see Sppendices II and III. On the logical two-state 
conditions an action implied in state #1 is continued >n state #2. For in- 
stance, a' stick tilted at 15° In relation to an upright stick in statejl is 
tilted at 45° in 'State : 

State #2 on the logical , two-state and the static one-state conditions are 
identical. • State #1 on the loqiqa^ two-state and the illogical two-state con- 
ditions are identiojil. However, ds illustrated in Appendi)^ III, state #2 on 
the illogical two-state condition did not continue the action implied in st^e 
#1.' In the example cited above, instead of a continuiijig increase in the dis- 
tance between the two sticks, the position of the. pivot was altered. This 
suggested no logical and on-gOing relationship between the two states, thus, ^ 
■ the tajs,k is classified as illogical. ^ 

' ' , To insure that all tasks included in the illogical condition were indeed 
illogical, a pilot study was conducted. All tasks were given under each con- 
dition to'lO adults, 10 first graders ^ and 10 fourth griders. Failure by an| 
10 in each^e group to discover an on-going relationship between the two i* 
states presented on tasks considered illogical was the criterion for tasks to . • 
be labeled illogical. 

States on the 15 state construction tasks implied simple spatial trans- 
, formations such as figure completions .rotations, enlargements, transpositions, 
and shape transformations. The figuratjive aspects of each of the tasks were 
distinct. Stimuli depicting sticks fayiing. circles turning, squares trans- 
posing, triangels rotating, clay elongating, etc., were employed so as to re- 
duce or inhibit interference at the memory phase of the. study. 

Children were provided with all materials necessary to duplicare the states 
presented in Appendices I, II, and III as well as those necessary to complete 
or to transform the state{s) in some manner. 

In the processing phase, a total of 15 tasks were administered individually 
to each child. One-third of thes6 tasks were administered under each of the 
following three cdbditions: (a) static one-state; (b) logical two-state; and . 
(c) illoqical two-state. Consequently, each child was required to answer five 
tasks from each of the three conditions. Random assignment of specific tasks 
to conditions was made with the restriction that at each grade level each task 
was administered under each condition an equal number of, times . A -second re- 
striction was that the first two tasks administered to J/^'^l?,'^?;:^,!";^"? 
the least difficult tasks included in the study. The relat ve difficu ty of 
tasks was determined by the pilot study. In determinilng "^f aJlfJj^J^^J 
. fo the tasks, 'transformation performance on logical tasks in the p 'ot study 
was considered. Tasks which were transformed the greatest proportion of the 
time were considered least difficult. 
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Ten children, at each grade level received their fi rst' task in the 
static one-state condition, 10 recetved their fit-st task in the logical. . ' 
two-state condition, and 10 received their first task in the illogical 
two-state- condition. Regardless of, the initial task condition, all chil-- 
dren received a static condition task second. The reason for this ordof- 
ing was to determine whether performance on the static task could .'be af.fecf 
ted by the condition of the' initial rask encountered by children. It was . 
expected that if logical two-state taslcs have a "cueing" effect, transfor'- ^ 
mations should be made more often on static- tasks following the logical 
V two-state thaji those following the other two conditions. The condition 
'order of the remaining tasks was such that each condition followed each 
type of condition approximately the same number of tidies. JThat is, static , 
follxMi/ed static, st-atic followed logical ; static followed logical , static 
followed il1^gica,l, etc., approximately the same number of times at "each 
' age level. . ' ♦ . , >* • - — 

■ .. . • * ' A poster boards like' the pne shown' ift* Figure^ , 

but depicting no States" was preseinted "to the child with the follciv(fing ver- 
( baV instructions: ' ' 

. ' ' ' ■ . . . 

"For each of the following .tasks; I'm going to show you a board 
/"s just like this one. ^ All of the boards Will have three lines just 
, like the ^ one ih front of you. But, on some of the boards I will 

have already built something on the first and on the middle lines. 
On other boards,- I will have already built something on only the 
middle line. After looking at what I built, I will ask you to , 

■ build something on the empty line or Tine§, that goes best with 

what I have already built. On every board the state on the line ^ 
#1 comes first, on line #2 comes second, and on line #3 com§s last. ' 

The 15 poster boards were then presented one at a time, corresponding 
to the 15 different tasks. - After each, the child was asked 'to construct the 
V state(s) that , "go best"' with the one(s) already depicted. In each instance, 

the numerical order of the states was emphasized:' On each of the two-state 
condition tasks children were told: , . ; , 

"I built this one (pointing to line #1) first, then I built this 
- one Jpointing to line #2), which follows next after the one I built 
on rine #1. Now, you build one^that goes best last after these two. 
that I built." ' 

On each of the orte-state condition tasks children , were toldr 

; ■ > 
"I built this one (pointing to line #2) that goes in the middle. ^ 
Now, you build orte- here (pointi^jg to line i?l) that goes first, ■ 
before the one I built. And, build^one here (pointing' to line #3) 
that goes West last, after the one I built." 

After -the child's constructions on each board were completed, he was asked 
to explain ^hy the. states he constructed "went best" with the states already 

, (ji^Pictefl- 
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Children's constructions on the processing phase of the experiment^ 
were scored as "transformational or non transformational" by three inde- 
pendent raters. Inter-rater reliability was 96.8%. Constructions scored 
transformational continued the same action throughout all the states of a 
given task. When no , on-going action was implied by a child's construction, 
ij; was scored non-trans^rmational . Constructions scored transformational 
which also encompassed all relevant aspects of the state{s) presented were 
recorded as strict transJormati(Jns. Constructions sdored transformational 
which did not taTkeMnto account a-1 relevant aspects of the state(s) pre-, 
sented, but indMd, depicting a transformation, were recorded as loose, trans- 
formations. FigVe 2 is an' accurate^ example of the differences between 
these two. Constructions that were strict transfprmatlcma-l depicted Size 
as wel,l as numerical progression from ff^ to state #3. Loose transfbrmatronal 
constructions depicted only a numerical progression and ignored the equally 
relevant increase in size from state #r to state #3. The need for this-dual 
scoring presented itself when some of the transformational constructions pro- 
duced by the children were transformations by definition but were not the 
transformations the states presented should have elicited. Therefore, each 
child was assigned two scores, one reflecting his number of "strict trans- ^ 

formational" performances. ,* 

■- . ^ ' ' .' , * • ■•' - 

IinnediatBly following the proces^ng phase was the short-tem memory 
phase of the study. Following the same*, order of presentation as in the pro- 
cessing phase, each task" was represefiteck to the chi-^d but with this modi- 
fication:' the child was qiven the staters) he constructed duriria the pro- 
cessing phase of the study and asked to produce the experimenter-constructed 
state{s). , 

The final portion of the study was the long-term memory phase. All' pro- 
cedures were identical to the short-term memory phase, except they took place 
one week later. 

Memory, like performance, was^also scored in a dual fashion. Strict * 
transformational memory performance was SQpred "correct" if all states prp- 
Sfinted to the ?hi1d within the confines of t'given task (one state on the 
sftatic one-state and two states on the two-state conditions) were accurately 
reproduced on tasks on which children.made strict transformations. Mempry 
performance wa^ scored "correct" on tasks on which children made "loose trans- 
formations" if all states presented to the subject within the confines of .a 
given task were accurately reproduced regarding the aspects of the stimuli 
encompassed in the transformation. ^Figure 3 gives examples of responses 
scored "correct" for eath of the two transformational categories. Since strict 
transformations encompassed all aspects of the stimuli, a^ll aspects must be . 
reproduced for a correct scone on the memory phase. However, loose transform 
mational responses included only the numerical aspect of the stimuli. Thefe- 
fore, only those aspects of the stimuli implied by the transformation, i.e., 
the number presented in each of the states must be reproduced for a correct, 
score on the memory phase. * 




The<study revealed a signifrcant^difference in transfoming performance 
by firs;t and fourth graders. Mor^ fourth graders than firlSt graders.^ pt^edon- • 
inantlv' used transforming ^trategiW on static and logical tasks. Also, fourth 
graders transformed a greater number of tasks t;han first qraders. This way ex- 
pected since according to Piaget, children at these two ages are functiomrig at 
two different cognitive levels. F.i\st graders tend to function at the confcrete 
opera tional level while fourth gradeVs tend to function, at the formal oper^tion- 
al level . ' . ' \ " ' 

. A significant condition el^fect w\s also apparent. Chi Idren at- both grades ; 
made sigrtific^ntly more transfoniiati oris or> logical than on static tasks and sig- 
nificantly moi'e; traVsform^ti.ons on static than on illogical tasks. This was in 
accord -with- the results of research. conducted by Kreutzer, Leonard, and Flavell 
(1975) and by BTrown and Barclay (1976) Which indicated that children are often 
capable of utilizing processing strategies which they do not spontaneously employ. 
The "cue" inherently implied in the logi^kl tasks induced the children^to employ 
transforming strategies that they did not use spontaneously on static tasks. 
This accounts for the significantly, grealier number of transformed logical tasks 
as compared to the static. ^ V ' r ■ 

.. Cuing affected transforming performance in both first and fourth graders. 
However, fourth graders tended to benefit We by the "cue" implied on logical 
tasks. Fourth graders used more transfonTifng strategies on logical than on sta- 
.fic tasks. This sigWificant difference wai not apparent in first graders. This 
indicates ti^t cueing was more effective fdn, fourth graders ^han^for first grad- 
ers. Perhaps it i"s Because they were more jable to perceive the implied: cue since 
they were more developmentally advanced. I . • 

When children wer^e n(rt able to transfoL the strategies jmpldyed by both 4 
grades were very diverse. First and fourth graders both sought to construct 
states which were in s6me way related to the States Presented to them for each 
task such as changes in the orientation or in the parts which made up ttie states 
? voiced or some ombination of the.states ^.^"^"ted. No dif erea^^^^^^^^^ 
ent, between the type of responses give,n by .the children in the different grade 
levels. . • ' 

Comparisons. of memory performande revealed that fourth graders remembered 
Significantly more tasks than first graders. Upon'^ oser inspection however 
it was determined that membry differences existed only on tasks which could be 
transformed i e . logical and static tasks.. On illogical tasks (those which 
5 5 notTermi th^ us'e of transforming strategies)-no memory differences between 
f rst and fourth graders were revealed. Fourth graders made significantly more 
transforations than first graders, and they remembered a^greater ""-fber of tasks 
but only in conditions where transformations were possible. This offers direct 
suooSJt fi? the hypothesis that transforming as a strategy increases memory of 
individual staLs^ Further, when the initial processing strategy" was controlled 
transforming versus non-transforming) ho condition differences between the 
memory of stitic and of logical tasks by first or. fourth grade children were re- 
vealed. Since the amount of figurative information to be Jeered in these 
two conditions was not equivalent, this finding also supports the hypothesis 
that transforming is a strategy that -increases memory performance^ 



Clearly, transforming as a strategy has a significant memory effect. 
However, this study also indicated some other factons which affected memory ,, . 
performance. There was a difference between long and -thort term memory per- 
formance for first graders on transformed tasks. This difference was not 
revealed in four'th grade jriemory performance. Therfe.was also a d^ffet-ence b©r 
tween first and fourth graders long term memory scores on transformed' tasks. 
Both of these differences^ m4ght be explained by the f^ct that there was very- 
•little variability in •transformation scores of first graders, who, quite often. 

made bftly ope transformation. • >' • r 

•■ n - ■■ ■ ■ , ■ ■ ■ •• ' ^ ■ 

■ 4 Alsoi shoVt term memory performance of first and fourth graders differed 
^"Significantly ipn nan-transformed tasks. This difference can be attributed to 
the amount of information to be Vemembered. Apparently, fourth graders are 
capable of remembering, for a short period of time and without thgaid of trans- 
fqrmlng strategies, the amount of figurative information presented. Without 
using transforming strategies, this same amount of figurative information san- 
not be retained by firsts graders. Consequently, a difference in short term mem- 
ory of non-transformed tasks between ttj^e two grades was revealed. This dif- 
ference did not exist in long term memory performance because memory of figura-. 
tive information when transforming strategies was not involved was not long 
lasting. ^ i ' , 

Explaining why a, particular response, was appropriate also signiftcantly 
affected memory performance. Both first and fourth graders remembered signifi- 
cantly more non-transformed tasks that were explained ...than non-trartsformed tasks 
.that were not explained. When the effects of explaining .were compared to the 
effects of transforming, however, it was revea-led that explaining -was not 
clearly as effective as transforming. Non-explained transformed tasks were 
remembered significantly more of ten- than explained non-transformed t^ks. Thus, 
transforming as a strategy is more effective than the strategy of explaining, v 

Memory appears to be influenced not predominantly by the bulk, of the 
material to be rertiembered but by the manner in which the individual relates 
the material, i.e., the processing Strategy he is able to utilize in connec- 
tion with the material. Age is a factor, which influences both the processing 
strategies available to the individual and the ability to remember an abso- 
lute amount of material. However, at any age some transformational strategies 
are available, and whfen they are employed, the amqunt of figurative material 
that must be remembered is in someway lessened. Further research In this 
area would prove v^wieficial to today's educational system. Finding methods 
to utiTiie trans fioritiing strategies within the realms of education should 
•lead to faster and longer lasting acquisitions of knowledge. 
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APPENDIX I' 



Tasks in Static Condimon 



< 
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Ta^k 1 



Fallihg Sticks :(cra|t sticks, one cq'lored rec) & blue and one 
colored orange & green) ! 



B 



Task 2 - Size Progression (pink strips made out^^^ construction paper) 



/ 




Task 3 - Running People (drarige & greerffrffnmn^^^^ 
" • the direction figures are facing) .' ' 




Task 4 



Crawl i ng Sna i 1 s (red c i rcl e s 
d i rect im snail is' fa c i-ng ) 



with blue snails; arrows indicate 



Task 5 - Fi gure Gcimpi etion ( r^d 




s;triiDS made out of construction paper) 
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Task 6 - Arcs (yellow pipe cleaners) 



Task 7 - Sliding Sauares (orange &' purple squares) 



tEZl 



Task 8 - Cir-cle Location (small red, green & blue circles placed around 
the outline of a circle) 




Task 9 - Class Inclusion (green, red & yellow colored circles, squares 
& triangles) * 





O 






D 















Taik 10 - Rotating Triangles (yellow & green triangles and blue pivots) 
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•Task 11 - Rotating Squares (pink & blue squares with yellow pivots) 




Task 124 Paper Foldihg (sheet Qf white paper 81/2 by 11 inches) 



Task 13 - Rotatiriti Cube (each of the six sides of the ^ube painted a 
^^^ferent color) 



• Task 14 - Peg Board (red pegs, blue pegs-, anci a rubber band) 

• ' ■ . ■ ■ , A- ' . 

• ■ . i 



Task 15 - Clay (blue clay) 



* Top--The so designated part of the figure lies on top at the point of 
intersection. 
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\ . APPENDIX. II 

Tasks in Logical Condition 



Task 1 - Falling Sticks (craft sticks, one colored red & b-lue and one 
, colored orangec&greert) 

■ r . . .. . ■ . ■ ■ . ' . 



B 
X 



Task 2 - Size Progression (pink strips made out of construction paper) 



D 



D 



A B c.' 



{i P> (^ V 



Task 3 - Running People (orange & green running figu*S; arrows indicate 
. the direction figures are facing) 



6-^ 



6' -> 



Task 4 - Crawling Snails (red circles with blue snails; arrows indicate 
• direction snail "is facing) 





W 5 - Figure Completion (red strips made out of construction paper)^ 
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Task 6 - Arcs (yellow pipe cleaners) 



Task 7 - Sliding Squares (orange & purple squares & triangles) 



Task 8 - Circle Location (small red, green S blue circles placed around 
the outline of a circle) . 




G \ 



Task 9 - Class Inclusion (green, red & yellow colored circles, squares, & 
triangles) 









6 


o 




4 




o 





□ 



Task TO- Rotating Triangles (yellow & green triangles and blue pivots) 



Task 11- Rotating Squares (pink & blue squares with yellow pivots) 



t4- 
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Task 12- Paper Folding (sheet of white paper 8 1/2 by 11 inches) 



. B 



D 



mo 



.J 



Task 13- Rotatin'g Cube (each of the six sides of the cube painted a 
different color) . 



Task 14- Peg 'Board (red pegs, blue pegs, and , a rubber bland) 





Task 15- Clay (blue c^ay) 



* Top— The so designated part of the figure lies on. top at the point of . / 
Intersection. 
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APPENDIX III 



Tasks in Illogical Condition 



Task 1 - Falling Sticks (craft sticks, one coYored red & blue and one 
. • colored orange & green) 



0 o 



■0 



Task 2 - Size Progression (pink strips made out of construction paper) 




Task 3 - Running People (orange & green running fuguresi arrwos indicate 
— the direction figures are facing) 



D 



Task 4 - Crawling Snails (red circles with blue snails; arrows indicate 
direction snail is^fa^^ing) 




i 



Task 5 - Figure Completion (red strips made out of construction paper) 



Rir 
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'Task 6 - Arcs (yellow pipe cleaners) 



n 



Task 7 - Sliding Squares (orange & purple squares) 



p 

0 



Task 8 - Circle Location (samll red, green & blue circles placed around 
the outline of a circle) J . 




TasJfc^ - Class Inclusion (green, red & yellow colored circles, squares 
& triangles) , , 




Task 10- Rotating Triangles ^yellow & green triangles and blue pivots)* 
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A, 



Task n - -Rotating Squares (pink & blue square! with yellow pivots) ' 



B 






P 







b 




Task 12 - Paper Folding (sheet of white paper 8 1/2 by VI inc 




Task 13 - Rotating Cube (each of the six sides of the cube painted a 
different color) 





Task 14 - Peg Board (red pegs, blue pegs, and a rubber band) 











: Ro 








.-. ?• ^ 














- 



Task 15 - Clay (blue clay) 



O 



* Top-The so designated parj: of the figure lies. on top at the point 
of intersection. 
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